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Fig. 1. Snapshots of the final chain conformation of a
single polymer chain in vacuum at each temper-
ature: T = 400 K, 350 K and 300 K.
Fig. 2. Snapshots of the final chain conformation of a
single polymer chain in solution at each temper-
ature: T = 400 K, 350 K and 300 K. Solvent
molecules are not shown in this figure.
simulations are performed as follows. At first, we pro-
vide a randomly distributed conformation of polymer
solution in thermal equilibrium at high temperature
(T = 550 K). The system is then quenched to several
lower temperatures (T = 300, 350 and 400 K). A simu-
lation of 10 ns is carried out at each temperature.
Snapshots of the final chain conformation of a single
polymer chain in vacuum and in solution are shown in
Fig. 1 and in Fig. 2, respectively. In these figures, snap-
shots are viewed along the direction perpendicular to the
z-axis, where the z-axis is defined as the principal axis
with the smallest moment of inertia. It is found from
these figures that the stem length of the orientationally
ordered structure formed in solution is much longer than
that formed in vacuum.
Because polymer chains show diverse static and
dynamical structures, structure formation of polymer
chains has recently become the focus of attention in
physics, chemistry and biology. Over the last decade,
several molecular dynamics (MD) studies have been
done on the structure formation of an isolated polymer
chain. Due to the large computational effort necessary,
on the other hand, few MD works have been made on the
structure formation of a single polymer chain immersed
in a bath of solvent particles. Our purpose is to clar-
ify, at the molecular level, the mechanisms of structure
formation of a single polymer chain in vacuum and in
solution. To this end, we carry out the MD simulations
of an isolated single polymer chain and a single polymer
chain immersed in a bath of solvent molecules, and ana-
lyze the formation process of the orientationally ordered
structure during quenching.
In the case of vacuum, the model polymer chain con-
sists of a sequence of 500 methylene (CH2) groups, which
are treated as united atoms. The united atoms interact
via bonded potentials (bond-stretching, bond-bending,
and torsional potentials) and a non-bonded potential
(12-6 Lennard-Jones potential). The atomic force field
used here is the DREIDING potentiall). The numerical
integrations of the equations of motion are performed
using the velocity Verlet algorithm. We apply the Nose-
Hoover method in order to keep the temperature of the
system constant. The MD simulations are carried out as
follows. At first, we provide a randomly distributed con-
formation of a single polymer chain at high temperature
(T = 800 K). The system is then quenched to several
lower temperatures (T = 300, 350 and 400 K). A sim-
ulation of 15 ns (1.5 x 107 time steps) is carried out at
each temperature.
In the case of solution, we consider a linear poly-
mer chain with 500 methylene groups immersed in
3747 n-alkanes with six methylene groups (n-hexane
molecules)2),3). The methylene group is treated as
united atoms. The interaction potentials are the same
as in the case of vacuum. The equations of motion for
all atoms are solved numerically using the velocity Ver-
let algorithm. We use the combination of a constant-
temperature method ('ad hoc' velocity scaling method)
and a constant-pressure method (Andersen's method).
We apply the periodic boundary conditions. The MD
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